Abstract: Organizations undergoing significant changes. This requires careful management. We use human resource management practices in organizational change management. Indeed, jobs change and influence the performance of the company. Human characteristics (such as attitudes, competences, etc.) influence the performance of organization. We will consider these characteristics as variables that contribute first to the explanation of the change success and second to estimate the change effort required when assigning a role to an operator. The practice of the same human task by several people allows the collection of training examples related to this task. In the general aim of building an expert system in managing organizational change, we are interested in this paper to supervised learning of these training examples. The ultimate goal is to have a feedback and decision support in organizational change management and to design an expert system about this topic.
Introduction


It is difficult to predict the evolution of companies because of the rapidly changing technologies and needs. Companies must adapt and anticipate the future and manage changes. Indeed, these changes take place in a complex environment with a risk of failure to change and without keeping the existing [8] . This phenomenon has not been studied only by industrial management, but also in the human and social sciences [1, 3] .
The study ADESI [2] and Jaujard [3] show the importance of the human factor involvement in change management. Experts focus their attention on individuals rather than on the technical aspects of change [4, 8] . Human Factors are the main sources of difficulties in organizational change. These difficulties are related to the management of the actor's motivation in the company, his adaptation to new business processes, the evolution of his culture and the ability to convince him of the value of change.
The best known example of change is the introduction of information systems in organizations. The literature shows several failures of their implementation [5] . Information systems today are mainly implemented by the ERP (Enterprise Resource Planning). These are packages that integrate the major functional components of the business. Despite the benefits of ERP, risks and costs of integration are still high [6] , an ERP solution highlights the need to transform the organization to meet the requirements of business process imposed by the system [7] . An ERP project requires a large and risky organizational restructuring. ERP is considered as the technology the most disturbing for organizations. In this paper, we give the ERP project as example of organizational change but the proposed solution is valid for all other causes of organizational change.
A user's information system can decide to adapt to change. But also, he may have a resistance to change.
User involvement in change can only be effective if it is accompanied by good communication policy, training, motivation and management of human resource characteristics. The change is related to the human factor that involves cultural, sociological and psychological aspects. Finney et al. [10] indicated that the involvement of end users in different stages was one of the key factors for successful changes. Worley et al. [9] emphasized the importance of taking into account human characteristics in the implementation of ERP system.
Our problem is to try to define individual involvement in organizational change in order to increase the chances of success of change project. We propose a methodology of allocation of human resources in the context of organizational change. A clear formalization of the evolution of human characteristics of individuals contributes to the prediction of their behavior. It is suggested to better adapt human characteristics to new activities and business processes in order to increase the degree of acceptance of changes. It seeks to reduce resistance to change and frustrations that may occur during and after organizational change. The ultimate goal is to have a decision aid in assigning staff to new human tasks in order to optimize the change.
Our goal is to define a methodology to learn from good examples of organizational change. Our study is to apply learning algorithms like one class SVM (Support Vector Machine) on a library of human tasks. The goal is to have a repository of these tasks as an expert system for organizational change management. This paper is organized as follows: The second part presents the impact of organizational changes on individuals. The third section describes the characteristics of the actor that influences his performance during and after organizational change. In the fourth section, we give some tasks models that allow their identification. Section five explicitly describes our design approach of a system expert in organizational change, the expert system basic architecture is given and a learning method is proposed for continuous improvement of this expert system.
The Impact of Organizational Change on Human Actors
In organizational change the work of individuals requires redistribution and restructuring. Indeed, the roles of company's employees change and even we are witnessing the emergence of new professions, new functions and new competences. For example, in the case of ERP projects, change is introduced by process reengineering which is important in implementing ERP [11] . An ERP solution highlights the need to adapt business processes for matching the reference model of the ERP system and that of the company. This requires a redistribution of work. Bernard et al. [13] were interested in the gap between the current process and the target process. In process reengineering some activities are cancelled and others added. Actors who perform these activities are affected by this change. Eriksson [14] defined indicators that relate to the number of activities and actors who are experiencing changes after the restructuring of business processes. The implementation of ERP system inevitably changes the way people work. The control of management is subject to great change [15] . Data must be entered once and used by all relevant departments. Entry errors become more important and the control of errors increases.
After the decision of the organization to implement a new technology, another important step is the decision of individuals within the organization to adopt the technology in their work. According to Paillé [16] , the individual evaluates the effects of change on himself, which triggers an emotional response and influences the intention to adopt the technology. The continuing use of an IS (information system) rather than its initial adoption tends to be regarded as the true indicator of a successful implementation of IS [17] . The final aim of this study is to model the evolution of human characteristics [18, 24] has been specially designed to explain behavioral intention to use the information system. User satisfaction is frequently used in IS research because of the importance of this concept in the study of IS success [19] .
Cognitive psychology can explain and predict the behavior of system users. The action theory introduced a user modeled by the cognitive approach [47] : The behavior of the individual is conditioned by the internal representation of the user on the system. This approach helps to explain the successes, difficulties and mistakes of users.
The behavioral approach [48] proposes the model GOMS (Goal, Operator, Method, Selection) which deals with the observable behavior of the user. Unlike the cognitive approach, this model does not describe the mental states and internal processing of the user. Keystroke version of the model GOMS [48] contributes to the prediction of the execution time of a human task that is an important performance indicator of the user.
Human Characteristics of Actors
For the management of organizational change, we adopted the practices of human resources management and particularly the logic of competences, roles and profiles [9, 20] . Human characteristics of actors in the organization are essential in assigning tasks to them. This will greatly improve the satisfaction and performance of individuals. The set of human characteristics in which we are interested in this work are: beliefs, attitudes, intentions, competences, emotions and culture.
Beliefs, Attitudes and Intentions
Each actor in the organization chooses to support or resist change according to the implications of change for himself and for the organization [22] . In the case of an ERP project, the positive attitudes towards ERP system facilitate the success of ERP project [21] . Attitudes are dynamic, they change over time of the ERP project [21] . They depend on the "beliefs" that may change thanks to the interaction of the individual with the ERP project. In this context, training and communication affect the representations that actors make on the usability and usefulness of the ERP technology [23] .
Amoako-Gyampah et al. [23] proposed in Fig. 1 an extension of TAM model [18, 24] . Fig. 1 shows relationships between human factors involved in the implementation of ERP systems.
Fig. 1 TAM model (amended).
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Behavioral intention depends on the attitude and perceived usefulness. Davis et al. [18, 24] suggest that PEU of a system influences the perception of its usefulness. The communication and training increase the PU and PEU [23] and consequently, they act on the behavioral intention to use an ERP system.
Competences
Knowledge is defined as the set of representations, ideas or perceptions acquired through study or experience (French Standard AFNOR). It represents what is mentally constructed by individuals.
Competence is presented as the combination of knowledge, know how and know how to be [25] . At the enterprise level, staff is characterized by the competences he possesses and can implement to achieve the different activities [26] . Indeed, competences are necessary to perform human tasks in the context of work situations. The study of Mata et al. [27] has supported the link between IT competences and business performance. In particular, computer competences of employees are beneficial for organizations that adopt the ERP software [28] . Lazar and Compeau [29, 30] emphasize the importance of knowledge and computer skills on the performance of individuals and organizations. They found that the absence of these human characteristics can cause deep frustration. Torkzadeh et al. [31] noted that computer competences increase user participation, satisfaction, commitment and acceptance of information systems. In ERP projects, we focus on ensuring a better match between the requirements of business processes and competences acquired by human resources.
Culture
Hofstede [32] considers culture as the collective mental programming which distinguishes the members of a human society. All nations share a national culture. We are interested here in the corporate culture because the members of an organization adopt practices and values in their activities.
Culture can influence the adoption and use of information technology [33] . Kapposand et al. [34] note that some components of an IS can be perceived as compatible or not with the local culture. The mode of acceptance of ERP varies depending on the cultural context. Soyahand et al. [35] signal the impact of national culture on the implementation of ERP. Among the cultural factors identified by Hofstede [32] which are likely to influence the mode of acceptance of ERP: power distance, leadership style, collectivism, etc. For example, a culture where power distance is large does not facilitate user involvement in the implementation of ERP [50] .
The concept of CI (cultural intelligence) was developed to express the ability of an individual to adapt to new cultural contexts [54] . Earley et al. [55] propose a method for diagnosis of individual CI. They have developed a diagnostic scale based on three dimensions of CI: cognition, motivation and behavior. An organization can develop a cultural intelligence enabling it to overcome the managerial values [54] .
Emotions
The individual reacts emotionally to change [36] . A triggered emotion comes from the subjective assessment of a significant event [37] . Emotions are influenced by cultural factor, the mental state of the individual (goals, beliefs, etc.) and profile (personality, competences, knowledge, preferences, etc.) [37, 38] . The emotional states of an individual influence the chances of achieving his objectives [49] .
Lazar et al. [29] found that the lack of computer knowledge can cause deep frustration. Torkzadeh et al. [31] also noted that the general computer skills could Towards an Organizational Change Management by an Expert System 83 increase end-user satisfaction, commitment and acceptance of computer systems.
The recognition of the emotional state of users allows the management of interactions with systems. The affective computing integrates more the emotional dimension in computer applications to improve human-machine interaction. The objective is to model the emotions and designing systems that recognize, express and synthesize emotions [39] .
The Plutchik's model of emotions [40] is based on eight basic emotions that are the equivalent of four pairs: joy-sadness, acceptance-disgust, fear-anger, and surprise-anticipation. Each pair is made of two opposite emotions. Any type of general emotions is the combination of elements of these basic emotions.
Bridges [56] introduced the concept of the transition curve in change that explains the emotional phenomenon of appropriation of new practices. Indeed, the acceptance of change is preceded by many emotional stages. We can list a series of emotions that occur in individuals during these transitional stages (Fig. 2) . The first step of a transition is the end of the previous position accompanied by a sense of loss and mourning of this position. The last step called 'Beginning' implies new emotions, new values, new attitudes, etc.
Modeling the Task
Organization can be seen as a set of roles in interaction [41] . It is difficult to predict the behavior of an individual during his interaction within the organization. The organization is a complex and uncertain system that changes its mode of operation according to the developments encountered. Simon [42] stated that companies, corporations, universities, etc. are excellent examples of complex systems.
In general, a complex system is composed of elements in dynamic interaction. Complexity can lead to unpredictable behaviors [43] . In fact, small changes can affect the complex systems. In the particular case of an organization, we seek to minimize adverse consequences of organizational change.
The unit of study in our case is the human task that can belong to the business process. In fact, each role of the individual in the company is directly related to a human task. Performing a task requires a set of functions defining a role [9] . Samba [44] considers the business process as the unit of analysis for change management. The task is a part of business processes with low granularity. In our study, we propose to focus on change management with more depth taking the task as the unit of analysis. We characterize the individual in the organization with a vector that represents the set of his characteristics (competences, perceived usefulness, perceived ease of use, cultural intelligence, etc.). There is a great relationship between the human characteristics of a user during change and the change effort necessary to get the desired performance of this user. This performance is measured in terms of task execution time and the emotional state of the user [52, 53] . According to Valls et al. [45] , the execution time depends on the expertise of human resources. Letouzey [46] noted the high dependence of the execution time on the level of human resources competences. For each task, we define basic execution time which may be different from the actual duration of the task according to the human resource that executes this task.
For assigning a role to a person, the expert should evaluate the change effort necessary for a normal execution of the role. This effort of change is a number of training hours and accompanying hours in Towards an Organizational Change Management by an Expert System 84 favor of the candidate for the task. The execution of the task must be in a limited time and with a feeling of satisfaction. Thus, a positive emotional state can encourage the actor to execute the task properly, while negative emotions can disrupt the normal execution of the task. In this work, we select two emotions that are related to the execution of task: frustration and satisfaction. These are opposing emotions and they are indicators of employee's performance. User satisfaction has been widely used as a measure of IS success [12, 19] .
To assign actors to new tasks, experts should proceed to mapping and identification of tasks that match the new business processes. The assignment success of a person to a task is based on the change effort. This parameter represents the criterion for classifying candidates for different tasks in order of priority [8] . The execution time of the task, the satisfaction and the frustration are indicators of achieving the desired performance.
For a particular task, experts measure the candidate's human characteristics. The objective is to characterize each human actor by a vector representing all of its human characteristics. These characteristics know several changes over time. Indeed, emotions change during all stages of organizational change [56] , and person's skills increase during repetitive execution of the same task [57] .
The majority of information systems are vast with a large number of actors with different roles. Organization can be seen as a set of roles in interaction [41] . The unit of study in our case is the human task that can belong to the business process. Each role of the individual in the company is directly related to a human task. Modeling a task is the optimal description of procedures to achieve the goal. This goal can be achieved by a sequence of sub-goals, actions or operations and defined as a different state of the initial state.
Different methods of tasks modeling were proposed.
For example, GOMS and MAD (Analytic Method of Task Description) [58] are two methods used in software engineering to analyze and model a task. These two methods are inspired by cognitive science and psychology. The GOMS method cuts a task into four sets: 1. Goals that correspond to the state of the system that the user must reach; 2. Operators that are useful elementary operations to achieve a goal; 3. Methods that are the series of operators to achieve a goal;
4. The selection rules that describe the choice of a method when there are several methods to achieve the same goal.
The KLM (Keystroke Level Model) version of GOMS predicts the execution time of each operator according to the selected method [48] .
In MAD, the tasks are decomposed hierarchically and are connected by temporal and logical relationships. This method allows also to offer ergonomic features of the task [59] .
Thus, regardless of the chosen method of modeling, it is based on identification of goals and sub-goals of the task, operators, as well as tools for achieving the task. These goals and sub-goals are represented through hierarchical trees.
The skills required has a task, the basic period of this task, etc. are examples of knowledge relating to this task. We will need to document tasks and knowledge related to them. Therefore, it is necessary to propose a formalism to document, organize and describe each task. We are looking to have a hierarchy of tasks by business areas or functional areas. The methods of tasks modeling will be used to provide a formalism of tasks documentation. The tasks documentation environment will be called library of tasks or repository of tasks. Documentation of tasks must be precise and well organized, so that a user of this repository can quickly find the relevant knowledge on a specific task. This knowledge can be built from processing on the examples data of tasks execution. The selection of a task will be based on information such as its identifier, the problem it addresses and its business domain or its functional domain. For example, in the functional areas, the tasks are classified according to their functionality (registration systems, monitoring systems, etc.).
We propose the use of ontologies as means of modeling the task. In another work, we try to define the different ontologies needed for recording observations and measurements of human characteristics during all stages of organizational change. The overall objective is to benefit from the experience feedback in this area. Semantic features of our approach are based on the use and adaptation of several ontologies: GCS (General Competency Schema) [60] , DOLCE (Descriptive Ontology for Linguistic and Cognitive Engineering) [61] , etc. The detailed study of the structure and the formalization of the tasks library is the subject of a subsequent study.
Towards an Expert System for Organizational Change Management
Vector Representation of Business Actors
Card et al. [48] model the individual as a system of information processing or intelligent machine governed by rules. This system is called human processor. It is composed of three sub-systems: sensory, motor and cognitive. Each sub-system has a memory and a processor. Actors that perform a task are identical but can have different behaviors due to their initial human characteristics which differ from one actor to another. Each assignment of a task to a person is considered as a learning example represented by a vector whose attributes are the human characteristics of the person, this learning example correspond to the measurements on the person, and it is labeled by the target task.
In study [8] , it considers candidates for a task like similar systems. Based on the assumption that two people with the same vector of human characteristics (input vector) need the same change effort (the output of this system). The attribution of a task to a person is shown in Fig. 3 .
In the first column of Fig. 3 , COM ij are the degrees of acquisition of basic competences by a candidate. The competences concerned here are those which are necessary to the execution of a particular task T i . The algorithm that we will use later (1-SVM) can process large vectors. For this, we consider all types of basic competences that we assume they are required for the execution of the task T i .
In the same column, we define the PU i (perceived usefulness) and PEU i (perceived ease of use) that are related to the task T i . For example, one can speak of perceived usefulness of the task T i using the ERP system and the perceived ease of use of the ERP system for the execution of the task T i . If the task is less compatible with the local culture, we can also define the CI i (cultural intelligence) of candidate for the execution of the task T i .
In the second column, the number of training hours and number of accompanying hours represent the change effort necessary to achieve an ideal situation. This situation is characterized by an acceptable execution time, sufficient competences and an acceptable satisfaction level. The task is assigned to the candidate that requires less change effort.
For each task, experts identify a list of candidates, and then measure their initial human characteristics using techniques such as observations, interviews and questionnaires. The objective is to estimate the change effort required for each candidate. Human   Fig. 3 Allocation of actors to a task T i [8] .
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As seen above, the person in an organization can be represented by a vector (Fig. 3) . The allocation of a person has a task T i is a learning example whose inputs are the initial characteristics of the person and the change effort given to the person to perform this task.
For each task T i , the j th training example (related to a task COM ij1 , COM ij2 … : levels of competences required for the task T i .
T i represents the class corresponding to this learning example (the output of this learning example). The description of a task T i is based on elements of its identification in the library of tasks, and based too on levels of human characteristics required for this task.
The execution of a task by several persons gives learning examples concerning this task in order to extract knowledge on conditions for normal execution of this task. On the other hand, the similarity between organizations, their information systems and their business processes should lead to a reusability of knowledge about tasks that make up these organizations.
Automatic Classification of Business Actors
Ladders of Measures
For the implementation of our approach, it is necessary to be based on quantified data. Measuring instruments of Human characteristics can be designed in the form of scales that are very useful in quantitative analysis. The construction of a measurement scale has been the subject of several studies [65] . All human characteristics (beliefs, competences, etc.) can be measured with numerical scales. For example, an individual can express his opinion by positioning itself on eleven points scale ranging from (-5) (very unfavorable opinion) to (5) (very favorable opinion). A numerical scale is used to assign a score in order to clarify judgment. The choice of a ladder or another depends on the aspect to be measured. For Vernette [66] , the effectiveness of the scale chosen depends on its methodological and decision-making qualities.
Choice of Learning Algorithm
To build an expert system for managing organizational change, we try to acquire knowledge from old cases of allocating individuals to tasks. To receive learning samples, we consider a set of tasks which each task was performed by several people (Fig.  4) . These executions were made in the similar organizations. All the observed human characteristics will constitute the attribute values of learning examples.
The data collected on executions of tasks will be used in the determination of decision rules. These will be applied to new candidates in order to assign them suitable classes (tasks). Thus, the system will be able to handle new cases which are not part of the set of examples used to learning. The performance of rules depends on the learning set available (efficiency and representability of data). The knowledge base of this expert system can gradually increase and can be dynamically updated. This extension can take several months or years.
For machine learning, we use the algorithm 1-SVM. The experimental results of this algorithm demonstrate its effectiveness in several areas [63, 64] . 1-SVM is based on SVM (support vector machine) [51] . SVM method was originally developed for classification of data belonging to two different classes. 1-SVM takes account only of the positive examples (the elements of a single class). This algorithm is a learning method that is based on the optimization of a function of decision [62] . The classification is reduced to a single class [62] : The object belongs to this class, or it's considered as an aberrant object. 1-SVM is focused on the estimation of the envelope of a region containing the samples of the target class. Envelope proves to be sufficient for classification. In our case, we determine a 1-SVM classifier for each task.
Algorithm 1-SVM is based on the transformation of the original positive data to a higher-dimensional space using a kernel function K, and to estimate a function f(x) encompassing most learning samples in a hyper sphere (minimum volume). For a set of learning examples of n elements.
The following Gaussian kernel is the most used:
where, defines the distance of the hyper sphere from the origin.
1-SVM requires setting the value of a parameter ν indicating the percentage of positive data allowed to be outside of the description of the target class. This makes 1-SVM more tolerant to noise.
A new candidate may be classified by using the function f(x): for abnormalities 1/νn and f(x i ) < 0, and normal examples are characterized by 0 and f(x i ) > 0. Examples on the envelope are characterized by f(x i ) = 0.
Implementation in a University Environment
ERP is considered the information technology the most disturbing for organizations [8] . The technology is not the only source of disturbance for organizations. Individuals and organizations can evolve in several contexts of changes (technological developments, restructuring, mergers, relocation, mutations, etc.). The concept of organizational resilience was born in the context of the high sensitivity of the organizations to all types of disturbances. Organizational resilience was defined as the ability to adapt to disturbances [67] .
For the implementation of our approach, we can design a repository of tasks for the benefit of consultants from one type of information system, or for the benefit of leaders of a particular organization. We chose to design a repository of tasks of our university. This repository will be useful for similar organizations for handling cases of disturbance that can know the organization as absenteeism, the retirement, the introduction of a new IT tool, etc. We apply the proposed methodology to the university environment who knows several types of disruptive changes. Educational institution includes the following functional area: tuition (programs and planning), students (enrollment, notes), personnel (career and remuneration). Functional area represents a trade and a particular type of general competences.
One considers two types of tasks: computerized tasks and non-computerized tasks. For non-computerized tasks, we consider the modules taught as an example of university tasks. We are interested to the accumulation of knowledge about the assignments of teachers of this module. The example is taken from a real need expressed by a head of department of a university institution. At the beginning of each academic year, the department head is facing the problem of selecting the best candidates for practical work sessions of a taught module. PhD students are candidates for the module in question. Experts are the heads of departments in the same institution.
All tasks that use computer tools are considered computerized tasks. Currently, a group of universities is implementing a school management software; we apply our approach to tasks constituting this software by collecting learning examples from several universities.
Future Works and Conclusion
This work includes and organizes most of the characteristics related to actors in enterprise that affect organizational change. An acceptable level of satisfaction and change effort of actor reflects the success of the task assignment has this actor. By against the request of a big change effort is a failure. This study will contribute to the extraction of knowledge for managing human resources during the organizational change.
In most cases, information systems impose specific business processes. This should encourage feedback in repetitive implementation of the same IS like ERP. This feedback will contribute to the success of change management and improving the design of GUIs of this system. Indeed, GUIs are responsible for acceptability and interactivity with the system. This work allows improvements on the design of tasks if they ask major change efforts.
